Expression profiling of cellular genes was performed using a 10,000 cDNA human gene array in order to identify expression changes following chronic infection of human hematopoietic cells with Kapsosi's Sarcoma -associated Virus (KSHV) also known as Human Herpesvirus 8 (HHV8) and Human T cell leukemia virus-1 (HTLV-1). We performed cell-free in vitro infection of primary bone marrow derived CD34+ cells using semi-purified HHV8 and a mature IL-2 dependent T cell line, KIT 225, using highly concentrated viral stocks prepared from an infectious molecular clone of HTLV-1. Thirty days post infection, mRNA was isolated from infected cultures and uninfected controls and submitted for microarray analysis. More than 400 genes were differentially expressed more than two-fold following HHV8 infection of primary bone marrow derived CD34+ cells. Of these 400, interferon regulatory factor 4 (IRF4), cyclin B2, TBP-associated factor, eukaryotic elongation factor and pim 2 were up-regulated more than 3.5 fold. In contrast, less than 100 genes were differentially expressed more than twofold following chronic infection of a mature T cell line with HTLV-1. Of these, only cdc7 was up-regulated more than 3.5 fold. These data may provide insight into cellular signatures of infection useful for diagnosis of infection as well as potential targets for therapeutic intervention.
Introduction
DNA microarray technologies used for gene expression profiles of biological systems are proving to be powerful tools in identifying signatures of underlying biological conditions [26] , providing a transcriptional snapshot of the molecular phenotype of a cell. Microarray technology has advanced to a level of sophistication in which expression differences can be detected revealing detailed cellular responses to diverse stimuli such as environmental, pharmacological agents or pathogens. Microarray analysis may provide signatures for pathogens that are diagnostic even when the infectious agent is unknown or cannot be isolated. To obtain signatures for specific pathogens, it is necessary to capture their effects on host cell gene expression. In this regard, we performed in vitro infections of target cell populations using two viruses, HHV8 and HTLV1 [5, 18] . HHV8, a γ2 herpesvirus, and HTLV-1, a retrovirus, are both poorly infectious and are associated with tumors of hematopoietic cells. In addition, infections with both of these viruses are characterized by a long latency period prior to onset of pathogenesis and disease occurs in only a small subset of infected individuals.
To date, few studies have been published using gene arrays to detect genome-wide changes in gene expression in response to pathogens [9, 14, 21, 27] . This likely reflects the fact that the technology has only recently become generally available. Difficulties with respect to obtaining patient material and identification of infected cells in vivo also complicate these types of analyses. However, the use of highly purified populations of hematopoietic cells isolated using specific cell surface markers and immuno-magnetic separation or high speed cell sorters provide an opportunity to perform in vitro infections in controlled experiments and easily generate the 0.2-2 µg of polyA+ RNA required for microarray analysis.
In these studies we describe microarray analysis using the Incyte UniGemV 10, 000 gene array of HHV8 and HTLV-1 infected hematopoietic target cells and suggest that data obtained using analyses such as these can be used to as signatures of infectious agents and identify molecular targets for therapeutic intervention.
Materials and methods

Cell isolation and culture
The KIT225 cell line [12] was cultured in RPMI 1640 media containing 10% FBS, penicillin, streptomycin, L-glutamine (Gibco-BRL, Gaithersburg, MD) containing 50 units/ml recombinant IL2. Primary stem cell CD34+ progenitors were isolated from human umbilical cord blood or adult bone marrow by ficoll hypaque density centrifugation and isolation of subpopulations done using antibody coupled microbeads and magnetic cell separation (Miltenyi Biotec, Auburn CA). Hematopoietic progenitor cells were cultured in the following media: Iscove's Modified Dulbecco's medium containing 50 ng/ml recombinant human (rh) thrombopoietin, 50 ng/ml stem cell factor (rh-SCF), 50 ng/ml rh-FLT 3 ligand (Prepotech, NJ) and 20% horse serum.
Virus propagation
HHV8: Concentrated stocks were prepared as previously described using BCBL-1, a latently HHV8 infected cell line containing ∼ 70 copies HHV8/cell [20] . The viral pellet was re-suspended at 100X in serum free RPMI and copy number quantified by real time Taqman PCR for ORF 22 [19] . Viral Stocks were stored in liquid nitrogen until needed for infection. Cells were infected at a multiplicity of infection (moi) of 10 (copies per cell) by exposing cells to virus for 2-4 hours in a 37
• C shaking water bath. Following exposure, cells were washed once to remove non-adsorbed virus and cultured in the appropriate media. Cells were cultured 21-30 days (5-6 passages) and tested for expression of both latent and lytic genes representing a persistently infected culture. In this way, > 50% of the culture was demonstrated to be infected. For producing HTLV-1: 293T cells were transfected with an infectious molecular clone of HTLV-1 using the calcium phosphate method as previously described [7] . Stocks were normalized to 10 ng/ml and used to infect KIT225 at a moi of 10.
Sample preparation and analysis with DNA array
Total cellular RNA was prepared using the TRIZOL reagent (Gibco, Life Technologies) according to manufacturer's instructions. Poly A+ RNA was isolated using the oligotex mRNA mini kit (Qiagen). RNA from two separate experiments was pooled to control for error due to experimental variation. Microarray analysis of Poly A+ RNA was performed using the 10,000 gene Human UnigemV system (Incyte Pharmaceuticals, Human Genome Systems) where fluorescent cDNA probes, labeled with the Cy5 dye were prepared from the infected population and Cy3 dye probe prepared from the control (uninfected) population. The UniGEM V microarray contains Incyte se- 
Results and discussion
We used microarray technology to determine genes deregulated by productive infection of hematopoietic cells with HHV8 and HTLV1. RNA samples were prepared several passages following infection during productive viral replication in the majority of cells as determined by flow cytometry using an antibody to HHV8 ORF 8.1 [4] . In these studies two preparations of infected cell and control cell target RNAs were prepared from primary CD34+ hematopoietic cells derived from two different donors, controlling for the possibility that changes in RNA levels might reflect genetic differences in host cells. These cells were identified as a progenitor population that was primarily myeloid as evidenced by the surface expression of CD33 and no late lineage markers. Table 1 shows the mRNAs that increase > 3 fold after HHV8 infection. We confirmed the 6 of the 16 mRNAs predicted to be increased > 3 fold (IRF4, pim2, n-myc, cyclin B2 and heat shock protein, CD48 and CD39) either by northern analysis (using clones purchased from Incyte), ribonuclease protection analysis or RT-PCR (not shown). All attempts to confirm a predicted change in gene expression were successful. As shown in Tables 2 and 4 , infection with either HHV8 or HTLV-1 resulted in decreased expression of genes involved in immune or inflammatory responses. These down-regulated genes may indicate pathways used by the virus for persistence and evasion of the immune response.
HHV-8 is a human lymphotropic herpes virus implicated in the pathogenesis of Kaposi's sarcoma (KS) [5, 17] and several hematopoietic and lymphoproliferative diseases including body cavity based or primary effusion lymphoma and multicentric Castleman's disease [3, 6] . KS itself is a hyperproliferation of poorly differentiated endothelial cells and is associated with extreme neovascularization. HHV8 has been shown to be present in KS spindle cells [6] , endothelial cells [8] , macrophages, B lymphocytes [13] and circulating CD34+ progenitor cells vivo [11] . One potentially exciting result was the 13.5 fold increase in IRF-4. Interestingly, this gene has been reported to be deregulated in chronic myeloid leukemia (CML) [22] and other mature lymphoid malignancies [25] . Further, its expression correlates with response to interferon alpha therapy in CML. KS is clinically responsive to Interferon alpha therapy. HTLV1, a retrovirus virus etiologically associated with adult T cell leukemia [18] , is oncogenic in a multi step process, initially by the deregulation of the cell cycle control of proliferation by a mechanism that is not well understood. The deregulation of cell proliferation facilitates further genetic changes allowing T cells to proceed to frank malignancy [23] . A systematic analysis of genes deregulated by acute HTLV-1 infection has until recently, not been possible due to the poorly infectious nature of the virus, the lack of an infectious molecular clone and a de novo infection system. We have recently described an infectious clone, which has been shown to immortalize cells following cell free infection in vitro [7] enabling us to analyze deregulated gene expression following acute infection. To better understand the molecular mechanisms allowing for IL-2 independent growth, an immortalized T cell, KIT 225, which remains IL-2 dependent, was infected with HTLV-1. The resulting IL-2 independent cell line was compared with the IL-2 dependent cell line using UniGEM V. In Table 3 , genes that increased > 3.0 fold following infection of KIT225 with HTLV1 are shown. The single gene (cdc7) predicted to be increased > 9 fold was confirmed by northern analysis. The cdc7 gene is an extremely promising signature of chronic HTLV-1 infection for the gene product is necessary for initiation of S phase, DNA replication and in mismatch repair of DNA [16] .
Only one previous study has described expression profiling of HTLV-1 infected cells [10] . However, the data presented in this study is limited by the fact that Harhaj et al. compared HTLV-1 immortalized cell lines to normal activated PBMC cells. The limitation of this type of comparison is underscored by studies, which show different activation modes result in different patterns of gene expression [24] .
The significance of the viruses examined in this study lies in the indolent nature of diseases caused by these viruses. Only a small percentage of infected individuals develop frank tumors with a latency period from infection to onset of disease measured in decades. By this time numerous genetic changes have occurred in the target cell population and the tumors are quite aggressive. This study is limited by the fact that only a single microarray is performed on one host cell line or purified primary cell culture. Additional arrays performed on other target cell populations or cell lines may yield different patterns. However, in studies us-ing microarrays to catalog hematological malignancies from primary patient cells, as more samples are analyzed distinct patterns of gene expression for specific disease classifications emerged [1, 2] . The ability to catalog cellular transcriptional profiles for both acute and persistent infection combined with the advances in the isolation of hematopoietic target cells, makes this approach particularly attractive for diagnosis and monitoring efficacy of therapy [15] in hematopoietic malignancies with viral etiologies.
